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ABSTRACT 
Using the solution generating techniques of Das and Chaudhuri (Pramana J Phys 
40:277, 1993; Pramana J Phys 58:449, 2002), static magnetovac solutions of Einstein-
Maxwell equations in general relativity are constructed from the stationary gravitational 
soliton solutions of Einstein’s field equations corresponding to a Kerr object. The 
techniques followed in the present paper have not been much used in the literature so 
far although the results are obtained in a straightforward way. The stationary 
gravitational two-soliton solutions of Einstein’s field equations for a Kerr object are 
generated using the soliton technique of Belinskii and Zakharov (Sov. Phys. JETP 
48:985, 1978; Sov. Phys. JETP 50:1, 1979). In the next step, following the procedure of 
Das and Chaudhuri, mentioned above, static magnetovac solutions of Einstein – 
Maxwell field equations corresponding to the generated stationary two-soliton solutions 
of the Kerr object are constructed. The solutions are found to be well behaved at spatial 
 2 
infinity and contain monopole, dipole and other higher mass multipoles. The mass and 
the dipole moment of the source are evaluated. It is shown that by redefining some 
constants appearing in the solutions, Bonnor’s magnetic dipole solutions (Z.Phys. 190: 
444, 1966) are faithfully reproduced. 
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1 INTRODUCTION 
In the paper, we construct static magnetic dipole solutions of Einstein – Maxwell 
(EM) field equations from the stationary gravitational two-soliton solutions of a Kerr 
object [1]. In order to generate magnetostatic solutions from stationary gravitational two-
soliton solutions, we used two transformation techniques, already known in the 
literature, developed by Das and Chaudhuri [2, 3]. We followed two steps: (i) stationary 
gravitational two-soliton solutions corresponding to a Kerr object are constructed using 
the soliton technique of Belinskii and Zakharov [BZ] [4, 5] and (ii)  the generated 
stationary gravitational solutions in (i) are then used to construct magnetostatic 
solutions of EM field equations following the simple transformations presented by Das 
and Chaudhuri [2, 3]. The mass and the magnetic dipole moment of the source are 
evaluated and the solutions are found to be asymptotically flat containing monopole, 
dipole and other higher mass multipoles. For a particular value of the magnetic 
parameter the mass of the source becomes zero and one obtains the dipole moment of 
a mass less source. This represents finite current loop at large distances. Finally, by 
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suitable readjustment of the constants, it is shown that the generated magnetovac 
solutions exactly coincide with the magnetic dipole solutions obtained by Bonnor [6].  
Chaudhuri et.al [7] first used the techniques discussed in Refs. [2, 3] to generate 
magnetostatic solutions from stationary gravitational two-soliton solutions. They 
considered a Laplace’s solution as seed in the general static metric and derived the 
stationary gravitational field. The corresponding magnetostatic solutions are then 
constructed using the transformations [2, 3]. In the present paper we have used the Kerr 
metric, obtained by the soliton technique of Belinskii and Zakharov [4, 5], as seed and 
static magnetic dipole solutions are presented. Chaudhuri et.al [8] also constructed 
static magnetovac solutions of EM field equations from the stationary gravitational fields 
using the technique discussed in Ref. [2].  In their works they used the method of 
Manko et.al [9, 10, 11] to generate the stationary gravitational fields. The results 
obtained in [8] and that in the present paper have some resemblance although the 
stationary gravitational fields are derived using different methods. It may be pointed out 
that in Ref. [8] one does not have to use the transformation presented in Ref. [3] where 
as in the present paper the transformation [3] has to be applied to obtain the static 
magnetic solutions. The reason for which is discussed below. 
 
In our work the generation of the magnetostatic solutions is based on the 
comparison of the metric coefficients of stationary and static fields. The essence of the 
technique is: we have constructed the stationary gravitational field corresponding to the 
Kerr object using the soliton technique of BZ [4, 5]. Since it is difficult to relate directly 
the metric coefficients arising from soliton technique to those obtained from 
magnetostatic solutions of EM field equations, we have to use a second transformation 
discussed in Ref. [3] to generate magnetostatic potential and hence the  dipole moment 
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of the source. It is worth-while to mention that although the transformations [2, 3] are 
known earlier, the method followed in the paper, particularly the use of the second 
transformation [3], to generate magnetostatic solutions from stationary gravitational two-
soliton solutions are not much found in the literature although it makes the solution 
generation process much simpler. The results are obtained in a straightforward way. 
Probably the application of these techniques mentioned above escaped our attention so 
far.  
 
   The following sections are divided as: in Sect. 2, the method of BZ [4, 5] is 
described in brief. Sect. 3 contains the generation of stationary gravitational solutions of 
the Kerr object [1] using the soliton technique of BZ. The transformation techniques 
(Refs. [2, 3]) and the constructed magnetostatic solutions are presented in sect. 4. Our 
conclusion follows in Sect. 5. 
 
     2  SOLUTION GENERATING TECHNIQUE OF BELINSKII AND ZAKHAROV: 
           The ‘inverse scattering method’ (ISM), popularly known as the ‘soliton technique’, 
discovered by Blenskii and Zakharov (BZ) [4, 5] has wide applications of generating 
exact solutions of Einstein’s field equations in general relativity. In this section we 
describe the method of BZ in brief mentioning only the basic equations required for our 
purpose (because of the fact that the soliton technique of BZ is well known and well 
discussed in the literature of general relativity). A detailed discussion on the soliton 
technique, to name only a few, can be found in Refs. [ 4, 5, 12 – 17]. 
Consider a stationary axially symmetric metric in cylindrical coordinates (r, z), 
( )222 dzdredxdxgds baab ++=  ,      (1) 
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where the indices ba,  take values 1, 2 and 21 ,, xxt =  respectively. The metric 
coefficients abg  and  are functions of r, z only. 
Physically acceptable solutions corresponding to metric (1) have to satisfy, without loss 
of generality, the additional condition [13] 
 2det rgo −= ,        (2) 
where 0g  is a (2 x 2) matrix associated with abg .  
Now define the following two quantities U and V as 
 1−= grgU r        and     
1−= grgV z  ,     (3) 
where the subscripts r, z  represent partial differentiations. 
With the supplementary condition given in Eq. (2), the Einstein’s field equations for the 
metric (1) can be written in the form [5] 
 0=+ zr VU ,         (4) 
 ( ) ( )rrVUTr +=− 1422 ,       (5) 
 ( ) zrUVTr 2= .        (6) 
It is evident that for a known g , the metric coefficient   can be derived from eqs. (5) 
and (6). Equation (4) is the integrability condition for . 
According to BZ, the soliton solutions to equation (4) are obtained from the solutions of 
the following pair of differential equations [4, 5, 13] 
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where  is a complex spectral parameter and , a 2x2 matrix, is called the 
eigenfunction of the equations (7) and (8). The eigenfunction Ω is a function of (r, z, ) 
i.e.   =  , (𝑟, 𝑧, 𝜆).  Furthermore,   , (𝑟, 𝑧, 𝜆) satisfies the relation [13] 
 ),,(),,( 00 zrgzr = =       (9) 
 
 The new metric coefficients are constructed from the following relations [5,13,16] 
 ( ) ( ) 11
1,
1 −−
=
− −= lkkb
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NNgg  ,    (10) 
 ( ) ( ) 12 −+= rmgm lklacaokckl  ,      (11) 
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and the pole trajectories  sk '   are defined by         
 ( )  2/122 rzz kkk +−+−=  ,      (14) 
where kocm  and k  are arbitrary constants. The indices k and l can have values from 1 
to N. Here N is the number of solitons i.e. the number of poles that appears in the 
scattering matrix. Solutions are characterized by the value of N such that for N = 1, it is 
called one-soliton solutions, N = 2, is the two-soliton solutions etc.  
 The constructed metric abg
/  in equation (10) satisfies equation (4). However, in 
general, it does not satisfy equation (2). One thus has to search for the physically 
acceptable solution  phabgg =  ; which is defined by the relation [ 13 ] 
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Letelier has shown that for general N-soliton solutions the function ν is given by [13]  
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where ν0 is the ν–function of the static metric and CN are arbitrary constants. The 
expression for ν0 has been given in the next section in equation (20).  
 
 
3  KERR SOLUTION USING SOLITON TECHNIQUE   
             A general static axially symmetric metric in (r, z) coordinates is represented by  
             ,)(
222222 0 dtederdzdreds 
  −++= −                                     (18) 
where one of the metric coefficients ψ =  ψ (r, z) satisfies Laplace’s equation 
 𝜓𝑟𝑟 +
1
𝑟
 𝜓𝑟 +  𝜓𝑧𝑧 = 0 ,          (19) 
 and the other metric coefficient ν0  is obtained from the Laplace’s solution ψ  by the 
relation [13]  
         ( )   +−+−= dzdrr zrzr  22
1
)(
22
0  ,                                (20) 
The relations (4) – (6) reduces to equations (19) and (20) for the metric (18). 
  We take the ‘seed’  0g   
 corresponding to metric (18) as  
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which satisfy equation (2)  i.e. 2det rgo −= .      
 Accordingly the eigenfunction  Ω which is also a 2x2 diagonal matrix has to satisfy         
equation (9) and we assume  Ω as   
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where the function  𝐹𝑘 =  𝐹𝑘 (𝑟, 𝑧, 𝜆) and Fk = ψ  when  λ = 0 . 
The relations satisfied by Fk   are [13] 
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We now use prolate spheroidal coordinates (x, y)  and take the Laplace’s solution ψ  as  
 
yx +
= 0

 ,   ( 0   is a constant ),                (24) 
to generate stationary gravitational solutions using the method of BZ.  
Prolate spheroidal coordinates (x, y) are related to (r, z) coordinates by  [16] 
                      ( )( )2222 11 yxKr −−=   ,     Kxyzz += 1   ,                         (25) 
where, K  and 
1z  are constants. 
In soliton technique the solutions are required along the pole trajectories  λ = μk , hence 
for two-soliton solutions there exist two poles μ1 and μ2  and accordingly Fk, should have 
two values F1 and F2. 
We take the arbitrary constant k  in equation (14) as real with values ω1  and ω2 for 
two-soliton solutions and obtain from eqs. (14) and (25) the values of μ1 and μ2 as 
                 ( )( )yxK −+= 111  ,         
                 ( )( )yxK −−= 112  ,                   (26)  
It has been shown that F1 and F2 given by equation (23) satisfy the following relations in 
prolate spheroidal coordinates (x, y) as [16 ], 
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     2(𝑥 − 𝑦)𝐹1,𝑥 = (1 + 𝑦)[(𝑥 − 1)𝜓,𝑥 + (1 − 𝑦)𝜓,𝑦], 
               2(𝑥 + 𝑦)𝐹2,𝑥 = (1 + 𝑦)[(𝑥 + 1)𝜓,𝑥 + (1 − 𝑦)𝜓,𝑦] , 
     2(𝑥 − 𝑦)𝐹1,𝑦 = (𝑥 − 1)[(1 + 𝑦)𝜓,𝑦 − (𝑥 + 1)𝜓,𝑥] , 
     2(𝑥 + 𝑦)𝐹2,𝑦 = (𝑥 + 1)[(1 + 𝑦)𝜓,𝑦 − (𝑥 − 1)𝜓,𝑥] .                        (27) 
Where a ‘comma’ represents partial differentiation with respect to the indices as 
indicated. 
With ψ given by equation (24), it is a simple task to find F1 and F2  from eq. (27) and we 
have  
                ( )( ) 101 1
2
1 −
++= yxyF                                (28) 
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2
1 −
+++= yxxyF                           (29) 
 The metric coefficients  
ph
abg   are then determined from equations (10) – (15) , 
(21) – (22), (26),  (28) – (29). With the substitutions  
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 physically acceptable metric coefficients are found to be   
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                                                                                                                        (32) 
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( )213 kkk −=    ,                                  
( )214 kkk +=   ,                                                                                                 (39) 
          
The stationary metric (1) is thus constructed in equations ( 31) -  ( 39 ).  
Kerr metric is obtained from the generated solutions, if one substitutes, α0 = 0 and c1 = c2 
in eqs. (31) – (39). The metric coefficients are  
𝑔11
𝑝ℎ(𝐾𝑒𝑟𝑟) =  − 
[2𝑐1  
2 {𝑥2 + (1 − 2𝑦2)} −  (𝑐3
2 + 𝑐4
2)(𝑥2 − 1)]
[2𝑐1
2{𝑥2 −  (1 + 2𝑦2)} −  𝑐3
2(𝑥 − 1)2 − 𝑐4
2(𝑥 + 1)2]
  
                                                                                                                          (40) 
𝑔22
𝑝ℎ (𝐾𝑒𝑟𝑟)
= −𝐾2  
[2𝑐1
2(𝑥2 − 1){(𝑥2 + 3𝑦2) + (1 + 𝑦2)2} − (1 − 𝑦2){𝑐3
2(𝑥 − 1)4 + 𝑐4
2(𝑥 + 1)4}]
[2𝑐1
2{𝑥2 −  (1 − 2𝑦2)} −  𝑐3
2(𝑥 − 1)2 − 𝑐4
2(𝑥 + 1)2]
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              (41) 
𝑔12
𝑝ℎ(𝐾𝑒𝑟𝑟) = 𝑔21
𝑝ℎ(𝐾𝑒𝑟𝑟) =  4𝐾
[𝑐1𝑐3{𝑥
2 − 𝑥(1 − 𝑦2) − 𝑦2} − 𝑐1𝑐4{𝑥
2 + 𝑥(1 − 𝑦2) − 𝑦2}]
[2𝑐1
2{𝑥2 − (1 − 2𝑦2)} −  𝑐3
2(𝑥 − 1)2 − 𝑐4
2(𝑥 + 1)2]
 
              (42) 
With further substitution of c1 = h, c3 = h2,  c4 =1 , (h being a constant), in equation (40) 
the Kerr metric takes its familiar form       
 ( )
( ) 222
2222
11
1
)1(
yqpx
yqxp
Kerrg
ph
++
−+
−=    ,                                                    (43)  
where p and q are defined by 
𝑝 =  
(1−ℎ2)
(1+ℎ2)
            and  𝑞 =  
2ℎ
(1+ℎ2)
 
such that     122 =+ qp ,                                                       (44) 
.                        
   
                           4  GENERATION OF MAGNETOSTATIC SOLUTIONS: 
In this section, magnetostatic solutions are generated from the two-soliton solutions 
corresponding to the Kerr metric. We first describe in brief the transformations 
presented in Refs. [2, 3] and then construct the magnetovac solutions.    
For an axially symmetric stationary space-time in cylindrical coordinates (r, z) 
given by [18]  
( ) ( ) 2222222   drdzdreeddteds suu ++−−= − ,              (45) 
the vacuum Einstein’s field equations are [18, 2] 
( )22221 ,,,,, zrurzzrr reuruu  +−=++ −− ,                 (46) 
 ( )zzrrrzzrr uur ,,,,2,,, 1  +−=−+ − ,                 (47) 
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 ( ) ( )222222 ,,,,,4 zruzrsr reuur  −−−= −                            (48) 
  zruzrsz reuur ,,,,,2 22  −−= ,                  (49) 
where the metric coefficients u,    and  s are functions of r and z only. The superscript s 
refers to stationary case and a comma represents partial differentiation. 
On the other hand, an axially symmetric static metric in (r, z) coordinates is given 
by  [18]  
( ) 222222222  drdzdreedteds m ++−= −
  .                                                       (50)             
The metric coefficients   and m  are functions of r, z only.  
The EM field equations corresponding to the line element (50) are [18, 19 ] 
( )2,32,3221 ,,, zrzzrrr AArer +=++ −−                      (51) 
( )zzrrzzrrr AAAArA ,3,3,3,31,3 ,,2  +−=+− −                          (52) 
( ) ( )2,32,32222 ,,, zrzrmr AArer −+−= −                  (53)  
 zrzrmz AArer ,3,322,,2, −+=  .                             (54)                 
          
Here A3 is the true magnetic component of the electromagnetic 4-potential and the 
superscript m represents magnetovac case. 
If one now compares the stationary gravitational equations (46) - (49) of the 
metric (45) with the magnetostatic field equations (51) - (54) corresponding to the metric 
(50), one obtains  
 
smiAu  4,, 3 ===               (55) 
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It appears that magnetostatic solutions of EM equations can be constructed from the 
stationary vacuum solutions of Einstein’s field equations and vice versa via the 
transformations (55). The imaginary quantity ‘i’ in Eq. (55) can be eliminated by the 
parameter change technique of Refs. [20, 21].  
It is evident from the transformation (55), that the magnetic potential A3 can be 
obtained once ω is known. Here we encounter a problem for direct substitution of ω in 
equation (55) to evaluate A3 since the metric (1) does not contain any term involving ω. 
However, the problem of finding ω from the solutions of BZ can be solved following the 
prescription of Chaudhuri [3] discussed below:  
It has been shown in Ref. [3] that for the stationary metric 
( )  ( )22222212  ddtfdrdzdrefds s −−++= −     ,                          (56) 
The metric coefficients  f  and ω are related to abg   of the metric (1) by    
  
11gf −=  ,                (57) 
  ( ) ( )2112
1
112 ggg +−=
−
                   (58) 
In the case of a diagonal metric, ( ) ( )2112 = , and we have   2112 gg = . One thus obtains 
                       ( ) 11112
−
−= gg  ,               (59) 
and                fgg == 2112  .               (60)  
The other metric coefficient  
22g  is expressed as  
                      ( )( ) 2221222 11 fyxfKg −−−= −                         (61)  
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Under the coordinate transformation (25), it is a simple task to establish from the above 
relations (57), (60) and (61) that 20det rg −= . This satisfies the supplementary condition 
(2). 
 Considering the line elements (45) & (56) and from equations (57) & (59) the 
expressions for eu   and ω are obtained as 
                𝑒𝑢 =   
[2𝑐1  
2 {𝑥2+ (1−2𝑦2)}− (𝑐3
2+𝑐4
2)(𝑥2−1)]
[2𝑐1
2{𝑥2− (1+2𝑦2)}− 𝑐3
2(𝑥−1)2−𝑐4
2(𝑥+1)2]
                   (62)   
           
𝜔 = 4𝐾
[𝑐1𝑐3{𝑥
2 − 𝑥(1 − 𝑦2) − 𝑦2} − 𝑐1𝑐4{𝑥
2 + 𝑥(1 − 𝑦2) − 𝑦2}]
[2𝑐1  
2 {𝑥2 +  (1 − 2𝑦2)} −  (𝑐3
2 + 𝑐4
2)(𝑥2 − 1)]
 
                   (63) 
Using the transformation (55), physically realistic magnetostatic solutions are generated 
from equations (62) and (63) with the substitution c1  →  ic1  .   The results are,  
𝑒2𝛽 =  [   
[(𝑐3
2 + 𝑐4
2)(𝑥2 − 1)] + 2𝑐1  
2 {𝑥2 +  (1 − 2𝑦2)}
[ 𝑐3
2(𝑥 − 1)2 + 𝑐4
2(𝑥 + 1)2] + 2𝑐1
2{𝑥2 −  (1 + 2𝑦2)}
]
2
    
                   (64) 
𝐴3 = 4𝐾
[𝑐1𝑐3{𝑥
2 − 𝑥(1 − 𝑦2) − 𝑦2} −  𝑐1𝑐4{𝑥
2 + 𝑥(1 − 𝑦2) − 𝑦2}]
[2𝑐1  
2 {𝑥2 +  (1 − 2𝑦2)} + (𝑐3
2 + 𝑐4
2)(𝑥2 − 1)]
   
                  (65) 
        The asymptotic expansions of 2e   and 3A  are obtained as 
( ) .....................1.2.181.41
23
2
22
11
22 +++





−=
x
aa
axa
a
e                                  (66) 
( ) ( ) 








+−+








−
−






= ................
1
.4
1
4
2
22
1
2
162
1
5
2
1
4
13
x
yaca
a
a
x
y
a
a
KcA                (67) 
where, 
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𝑎1 =  𝑐4
2 + 𝑐3
2 + 2𝑐1
2 ,    𝑎2 = 𝑐4
2 −  𝑐3
2    ,     𝑎3 =  𝑐1
4 −  𝑐4 
2 𝑐3
2    
𝑎4 =  𝑐4 +  𝑐3  ,     𝑎5 =  𝑐4 −  𝑐3   ,      𝑎6 =  𝑐4
2 + 𝑐3
2 − 2𝑐1
2  
               (68) 
The generated solutions are thus asymptotically flat. 
Under the coordinate transformations defined by [16] 
                   ,mRKx −=   and  cos=y  ,     (m is a constant)      (69) 
and with proper adjustment of the constants, the asymptotic expansions of e2β and A3 
are found to be 
( )
................
1
.
22
4
4
1
2
1
2
2
1
3
2
2
1
22 +














−
+
+−=
Ra
a
m
a
aa
K
Ra
Ka
e                                 (70) 
( ) ............1.sin1sin12sin4
2
2
5
42
1
2
1
2
1
4
1
2
3 +
















−−+








−





=
Ra
ma
a
c
K
Ra
a
cKA 

 
                       (71)  
The mass (M) and the magnetic dipole moment (μ) of the source are evaluated from the 
asymptotic expansions of e2β and A3  (i.e. from eqs. (70) and (71)) as 
  
( )
( )212324
2
3
2
4
2
2
ccc
cc
KM
++
−
=            (72)  
  
( )
( )212324
3412
2
4
ccc
ccc
K
++
+
=                (73)   
With further substitution of 𝑐1 =  𝛼, 𝑐3 =   𝛼
2   and 14 =c   (here α is any parameter), one 
obtains from equations (72) and (73) the mass (M) and magnetic dipole moment (μ) as   
                   
( )
( )2
2
1
1
2


+
−
= KM   ,                         (74) 
                  
( )2
2
1
4



+
= K  .                    (75) 
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The parameter α is thus identified as the magnetic parameter since the dipole moment µ 
= 0 for α = 0. 
If the magnetic parameter α is set equal to zero and we take K = m, the mass of the 
source becomes M = 2m. This does not represent Schwarzschild solution but refers to a 
mass with monopole moment 2m. Bonnor [6] also constructed a similar solution having 
the same mass monopole moment M = 2m.  
 For α = 1, the mass of the source M = 0 and the magnetic dipole moment μ = 2K2.  
We thus obtain the dipole moment of a mass less source. This may be interpreted as 
the existence of finite current loop at large distances. 
From equation (64) and with the substitutions c1 = α, c3 = α2, c4 =1, the expression for 𝑒2𝛽 
becomes 
𝑒2𝛽 = [
(𝑥2 − 1)(1 + 𝛼2)2 + 4𝛼2(1 − 𝑦2)
{(𝑥 + 1) +  𝛼2(𝑥 − 1)}2 −  4𝛼2𝑦2
]
2
 
             (76)  
Redefining the constants as  
(1+𝛼2)
(1− 𝛼2)
=  
𝐾
𝑚
  ,     
2𝛼
(1− 𝛼2)
=  
𝑏
𝑚
    , such that  𝐾2 =  𝑚2 +  𝑏2  ,       (77) 
one obtains   
𝑒2𝛽 =  [
𝐾2(𝑥2−1)+𝑏2(1−𝑦2)
(𝐾𝑥+𝑚)2−𝑏2𝑦2
]
2
        (78) 
Under the coordinate transformation (69), a simple calculation gives 
𝑒2𝛽 =  [
𝑅2 − 2𝑚𝑅 − 𝑏2 𝑐𝑜𝑠2𝜃
𝑅2 −  𝑏2 𝑐𝑜𝑠2𝜃
]
2
  
              (79) 
Equation (79) is the Bonnor’s magnetic dipole solution [6]. Thus Bonnor’s solution is 
exactly reproduced from our generated solutions using the techniques discussed above. 
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                                                   5  CONCLUSION: 
A new technique is followed in the paper to construct static magnetic dipole 
solutions of Einstein-Maxwell field equations from the stationary gravitational soliton 
solutions of a Kerr body. The Kerr space-time is generated using the soliton technique 
of BZ. Although a number of static magnetic dipole solutions exist in the literature, [we 
mention here only a few of these such as 2, 6, 9, 19, 22 - 24], but the construction of 
magnetostatic solutions directly from stationary gravitational two-soliton solutions are 
not much discussed earlier. The transformations are straightforward and the results are 
obtained in a compact form. Particularly the use of the transformation presented in  [3] 
makes the magnetostatic solution generation process from soliton solutions much 
simpler.  In this respect the method followed in the paper is an interesting one and might 
be added to the list of new solution generating techniques of Einstein-Maxwell field 
equations. 
Using the soliton technique of BZ, Kerr metric is derived in Eqs. (40) – (42). We 
make use of the transformations presented in Refs. [2, 3] and constructed the 
magnetostatic solutions in Eqs. (64) – (65). The generated solutions are found to be 
asymptotically flat containing monopole, dipole and other higher mass multipole 
moments. The mass and the magnetic dipole moment of the source are evaluated 
(equations (72) – (73)). For a particular value of the magnetic parameter, one obtains 
the magnetic dipole moment of a mass less source. This represents a finite current loop 
at large distances.  Further it is worth mentioning that with proper adjustment of the 
constants and under the coordinate transformations (69), Bonnor’s magnetic dipole 
solutions [6] are exactly reproduced from the results obtained by us (see Eq. (79)). It 
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thus establishes the viability of the solution generating techniques presented in the 
paper.  
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